Fuel supplies are evolving as more highly-processed petroleum fuels, unconventional fuels, and non-petroleum fuels are increasingly making their way into the marketplace worldwide. Some of this evolution began several years ago when, for instance, environmental legislation in the U.S. mandated cleaner tailpipe emissions and as a result, the need for more highly-processed fuels,
i.e., lower sulfur and lower aromatic content fuels such as California Air Resources Board (CARB) Diesel and Ultra-Low Sulfur Diesel (ULSD) fuels. The move towards developing and using non-petroleum fuels, such as biodiesel, renewable diesel/jet fuel, or Fischer-Tropsch fuels, is occurring in many countries as spurred by high volatility in the oil market, especially since
2006. In addition, much of the impetus behind transitioning to alternative fuels is tied to the desire of nations to better secure their energy supply by reducing dependence on foreign sources of oil through conversion of in-country energy resources such as tar sands, shale oil, coal, natural gas, biomass/waste streams (renewable) into transportation fuels. Furthermore, power and mobility systems are also evolving, and this may require non-traditional fuels/energy carriers as sources of energy, e.g., hydrogen for fuel cells. As these changes in the supply of fuels occurs around the world, and also in the fuels specified for future engines/equipment designs, the U.S.
Military needs to understand the extent and nature of these changes and the implications regarding current and future military use. There will be some subtle and not so subtle changes in fuel compositions and associated physicochemical properties that can impact engine performance and durability, or compatibility with current (petroleum) fuels and the fuel distribution systems found in engines/vehicles such as fuel pumps, injectors, and high pressure common rail systems, or in fuel storage, distribution, or handling equipment. This project will involve assessments of the changing worldwide fuels supply with a focus on kerosene and diesel boiling range fuels, and of the impacts that varying fuel properties may have on current and future military equipment and systems.
UNCLASSIFIED

DIESEL FUEL TRENDS
Since the early 1990's the quality of diesel fuel has been increasing around the world. This is primarily due to government mandated reductions in diesel fuel sulfur levels. At the time of this writing, while highway diesel fuel specifications in many countries set sulfur limits in the range of 10-15 ppm, maximum. In spite of this trend, there remain some countries/regions that have not mandated such strict sulfur levels. Most notable among these are selected countries in Asia and Africa.
Worldwide reductions in allowable sulfur levels have resulted in higher quality fuel for several reasons, including the following:
• The refinery processes used to reduce sulfur also tend to remove other heteroatoms (such as nitrogen) and even some aromatic compounds. In general, heteroatomic molecules and aromatic compounds tend to be the diesel fuel components most often associated with oxidation and thermal degradation of diesel fuel to form gums, varnishes, and particles.
• Removal of heteroatoms and aromatics often results in fuel with a higher cetane number, though this is not automatic.
• The emphasis on reduced sulfur has brought a greater awareness of and concentration on the overall cleanliness of fuel delivery and storage systems, which always improves the quality of the fuel delivered to the user.
In contrast, the reductions in fuel sulfur content have also resulted in diesel fuel with measurably poorer lubricity characteristics. This, in turn, has resulted in a marked increase in the use of diesel fuel lubricity additives.
In 
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The EU is currently the leader in the mandate and/or allowance of biodiesel in their primary, highway diesel fuel specification. The EU currently allows up to 7% blends with talk of increasing to 10%. The specification, ASTM D975, allows only up to 5%. As increased usage of biodiesel becomes the norm in the EU, and the US, it is expected that usage will increase around the world. This could be a concern in colder climates or regions where less stringent biodiesel specifications are in place. This trend remains a concern for the U.S. Department of Defense (DOD) to monitor in the future. Appendix A contains a compilation of diesel fuel specifications for selected countries throughout the world.
The specification for highway diesel fuel in the United States is ASTM D975, as it has been since about 1948. In recent years ASTM D975 has been revised to include an allowance for up to 5% fatty acid methyl ester (FAME), designated as B5. ASTM D975 also contains a statement that "the grades of diesel fuel oils herein specified shall be hydrocarbon oils, except as provided in 7.3 [the allowance for biodiesel], with the addition of chemicals to enhance performance, if required, conforming to the detailed requirements shown in Table 1 ." The definition of hydrocarbon oil given in ASTM D975 is:
"hydrocarbon oil, n-homogeneous mixture or solution with elemental composition primarily of carbon and hydrogen and also containing sulfur consistent with the limits in At the time of this writing, there seems to be a general trend around the world that is similar to ASTM D975. There is an allowance for biodiesel in the highway diesel fuel specification, though the allowable amount may vary. And, other, non-hydrocarbon oil, blend components are not allowed in the fuel. Additionally, the source of the hydrocarbon oil (petroleum, natural gas, vegetable oil, etc.) is becoming less of a concern. The cost of these blend stocks may be a larger factor in their use, at least for the near future. Their effect on final blend properties (such as cetane number, viscosity, and low temperature operability) will also influence the extent of their use. Fuel additives can be used to mitigate some of the potentially adverse effects.
In 2012 CEN published CEN 15940, "Automotive fuels -Paraffinic diesel fuel from synthesis or hydrotreatment -Requirements and test methods." According to the specification, paraffinic diesel fuel does not meet the current requirements of European diesel fuel specification EN 590.
The main differences are in distillation, density, sulfur, aromatics, and cetane. The specification also notes that the use of paraffinic diesel fuel in existing diesel engines can result in substantial reductions in regulated emissions. An effort to develop a similar specification within ASTM recently failed to pass balloting.
We are not currently aware of any widely recognized/used national or international specification for triglyceride based fuel oils (straight vegetable oil / raw vegetable oil). The same holds true for alcohol-based diesel fuels, alcohol blend diesel fuels, and water emulsion diesel fuels.
In 2006, the African Refiners Association, ARA, adopted a series of measures designed to harmonize gasoline and diesel fuel specifications, especially in Sub-Saharan Africa. The specifications, known as the AFRI standards include four grades of diesel fuel, AFRI-1, 2, 3, and 4. The specifications have requirements for 4 key properties of diesel fuel: sulfur, density, cetane index, and lubricity. Specific requirements are given in Table 1 . 
Alternative Diesel Fuel
By far, the most significant alternative diesel fuel in the international marketplace (based on market penetration) is biodiesel, FAME. Factors influencing this include:
• Length of time it has been available in the marketplace.
• Presence of standard specifications for biodiesel and biodiesel blends.
• Perceived benefit of biodiesel as a "green" fuel or renewable diesel.
• Availability of numerous sources from which to make FAME.
• Laws and regulations around the world that either encourage or mandate the use of biodiesel.
• Strong, continuing support from trade groups and government agencies to promote biodiesel usage and to improve the overall quality of biodiesel in the marketplace.
Arguably, the second most prominent alternative diesel fuel is paraffinic middle distillate fuel (PMD fuel). Generally, this fuel is characterized as paraffinic hydrocarbons in the boiling range and carbon number of commercial, middle distillate fuels (diesel and jet). It is most often made through either hydrotreating processes or Fischer-Tropsch (FT) processes. Starting materials include coal, natural gas, vegetable/plant oils, and animal fats. There is a CEN specification for this type of diesel fuel. But there is no ASTM specification for this type of diesel fuel at this time. Comparative advantages/disadvantages with biodiesel include:
• PMD fuel often has a higher cetane number.
• PMD fuel is less sensitive to oxidation and oxidative degradation.
• PMD fuel contains no oxygen so it does not have the same energy content penalty.
• PMD fuel has similar material compatibility characteristics as petroleum diesel whereas biodiesel does not.
UNCLASSIFIED
Although PMD fuel can be made from renewable sources, it tends to be less bio-degradable than biodiesel (owing to the oxygen atoms in biodiesel). This makes PMD a potentially lessenvironmentally friendly fuel.
There are numerous other alternative diesel fuel sources/manufacturers, in various stages of development, in the world marketplace. The raw materials vary as do the manufacturing processes. It is likely that some of these will be successful (i.e. find a market demand) and many will not. Many of these manufacturers seem to find the jet fuel market more promising and therefore do not concentrate on diesel applications. While that may be the correct economic judgment, it should be remembered that aviation kerosene can just as easily be used as grade number 1 diesel fuel. The DOD should remain cognizant of newly emerging jet fuels that might also find their way into the diesel fuel pool.
Diesel Fuel Quality Data
Unfortunately, there is almost no reliable source of diesel quality information available for Some expectation of fuel quality in a given country/region can be gleaned from the relevant specification. Most fuel suppliers strive to meet the applicable specifications in the markets they serve. The African Refiners Association report referenced above does include some estimates of fuel quality in African countries. In general, most of the countries of interest seem to meet either AFRI-1 or AFRI-2. The data were presented in a map that cannot be reproduced in this report so the reader is encouraged to read the report for the available information.
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Some additional sources of information were identified during this project. They are listed below in Table 2 .
The reader is encouraged to access these sources of information for the most up-to-date information available. 
JET FUEL TRENDS
Standard Specifications for Refined Jet Fuel
While diesel fuel has a wide variety of types and specifications, kerosene jet fuel is close to an ideal commodity. Essentially, there is only one kerosene jet fuel in the world. True, there is a difference in freeze point between Jet A and Jet A1 but, except for a very few flights, that is a moot point. The fact is that for all the properties that define the day to day performance of jet fuel, the requirements are uniform worldwide. ASTM D1655 Jet A is the basic, consensus standard for jet fuel. Every other kerosene jet fuel is a variation, thereof. This relationship is illustrated in Figure 1 . Supply, is primarily a compendium of specifications and practices that need to be followed. It codifies the use of ASTM D1655 and UK(MOD) DS91-91 as the primary kerosene jet fuel specifications.
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Aviation turbine fuel is a fundamental commodity business and conformity is a clear driver.
Unlike gasoline and diesel product that are split into hundreds, if not thousands, of grades, jet fuel can be thought of as single material. The specifications are recipes for crude refineriesmeet these requirements and the product will be jet fuel. How big is the market? Figure 2 illustrates fuel consumption for a typical year. 
Note that total jet fuel purchases by DLA-Energy, for all services, are 'big airline' large but do not dominate the business. The influence that the DOD has on commercial fuel specifications is based on the amount of research effort expended, not the purchasing power. According to 2010 DLA-Energy numbers, purchases for the Army accounted for less than 21% of total military fuel acquisition. Since several fuels are procured for Army use, the total percent of JP-8 directed to the Army would be lower still.
Standard Specifications for Alternative Jet Fuel
The fact that refined aviation turbine fuel is rarely an issue for commercial aviation is a testament to the five plus decades of specification activity that has resulted in excellent control. The basic concept for approving alternative fuels was defining that this experience described bounds for what is "fit for purpose" in aviation turbine engines. Thus it was reasoned that if the alternative fuel could be made to perform in the same manner it too would be fit for purpose.
Turbine fuel is used for more than power. Its heat transfer and hydraulic actuation properties are also important attributes. It also has to be compatible with the materials from which the aircraft are made and with the environments in which the aircraft is operated. Over two decades of effort, So now there are two paths for generating alternative aviation fuel in ASTM D7566. Annex A1 allows the production of synthetic paraffinic kerosene, FT SPK, primarily from coal and natural gas but the use of biomass as a feedstock is allowed (thus providing a renewable path). Annex A2 allows the production of synthetic paraffinic kerosene, HEFA SPK, from fats and oils. Either of these SPKs may be blended up to fifty percent (depending, primarily, on density and aromatic content) with refined aviation turbine fuel. The resulting product is fit for purpose and may be used without condition, other than the standard requirements for using any refined fuel. The only interest in source would be for environmental accounting and that would only be available at the point of origin as the agreed practice is that the fuel produced by ASTM D7566 will enter commerce under either ASTM D1655 or UK(MOD) DS91-91, as allowed by both specifications.
The current version of ASTM D7566 is a milestone in the production of alternative fuels but the work is not finished. Even while the FT and HEFA SPKs were being standardized, new approaches to producing alternative aviation materials were being developed. The variety is impressive but the approaches can be narrowed to two primary topics: synthetic kerosene with aromatics (SKA) and metabolically derived kerosene (SKM). Table 3 lists the alternative processes of interest, approved and pending.
UNCLASSIFIED Table 3. Alternative Jet Fuel Processes
While the general belief is that less aromatics are better (for engine life and emissions), there is a minimum requirement. This is based primarily on two needs, density and elastomer compatibility. Aircraft operation planning depends on fuel meeting a minimum density requirement. The analysis of historic fuel properties that led to setting the initial blend requirements suggested that 8.0% aromatics was an appropriate value to meet density requirements. Experience in synthetic fuel evaluations has shown that it is an appropriate level. This level is not specified for refined fuels because natural variation in the paraffin content can result in a denser product requiring less aromatic content.
In the extensive analysis of material compatibility for the proposed hydrocarbon blend materials one item has stood out as critical -proper sealing characteristics of nitrile elastomers. These materials are very common in the fleet, particularly for sealing fuel tanks. The minimum aromatic content for maintaining seal swell has not been defined but the same historical experience that pointed to 8% being a practical minimum to maintain density supports the conclusion that it is sufficient for the elastomers too. 
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Practical experience has shown that meeting the minimum density requirement has been a limiting factor in how much SPK can be used. Sasol, the leader in synthetic aviation turbine fuel experience, found this limitation to be a significant issue and led an effort for another single site source approval to allow synthetic kerosene with aromatics (SKA) to be approved for use in UK(MOD) DS 91-91. This is not a South African exclusive issue so the ASTM Emerging Turbine Fuel group is working toward a generic approval for SKA. Current refined fuel characteristics already limit the blending potential for SPK. On the horizon are potential limits on fuel sulfur content and, if the experience with the removal of sulfur from diesel fuel is a predictor, that could further reduce the aromatic content of refined fuel and, thus, the ability to blend in synthetic components. In the long term, producing SKA is the path to delivering a fully synthetic aviation turbine fuel.
As new processes are developed the specification issues become more complex. Every new synthetic source can built on the common experience but unique attributes will have to be addressed. Dealing with these complex issues may result in a bulky document but the aviation industry will always choose clarity over brevity. Without clarity there is too much room for interpretation. 
WD04 TASK 3: FUELS FROM DEVELOPERS AND UNCONVENTIONAL SOURCES
DIESEL FUEL SAMPLES
Diesel Sample Discussion
The samples listed in Table 4 come from a variety of suppliers. Following is a brief description of each source and process:
1. Western Biofuels (Guatemala): A nitrile containing heterocarbon fuel being produced in Guatemala by the U.S. company Western Biofuels. They are promoting this fuel as having unique energy density based on the nitrile component. increments. The resulting material is typically a cycloparaffinic with some aromatic content. The C 15 product is then hydrotreated to generate a mildly branched isoparaffin with good cetane values and low temperature properties.
5. Rentech (CA, USA): This fuel is from their FT biomass to liquid (BTL) process. Unlike some other cobalt catalyzed FT processes that only make paraffins, the Rentech process also produces a small amount of aromatics. The belief is that small amount of aromatics will be sufficient to ensure elastomer compatibility.
6. Advanced Refining Concepts (NV, USA): This fuel is derived by catalytically adding methane to refined diesel fuel. Diesel fuel is worth more on a mass basis than natural gas and this concept relies on the value proposition that it is more cost effective to augment existing diesel supplies than to make diesel fuel directly from natural gas. 
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JET FUEL SAMPLES
Jet Fuel Sample Discussion
The samples listed above in Table 5 come from a variety of suppliers:
1. GEAE (General Electric Aircraft Engines from a Brazilian source): This is a sample of a research turbine fuel containing approximately 10% of C 8-12 FAME. The original testing, conducted for GEAE by TFLRF, proved that it could potentially pass for regular jet fuel.
EERC-UND: The Environmental Energy Research Center of the University of North
Dakota participated in the DARPA program to develop processes for renewable jet fuel.
This sample was prepared by blending their HEFA SPK with commercial aromatics.
3. GEVO (CO, USA): This sample is derived from their butanol to hydrocarbon conversion process. The process produces a highly isomerized product, similar to Sasol IPK. The butane building blocks result in a product with a two molecular weight distribution of mixed isomers of iso-dodecane and iso-hexadecane.
SASOL (South Africa):
This sample is from the program that generated the only approved fully synthetic jet fuel. This particular sample failed the freeze point requirements and had to be replaced but all the other properties were identical to the material used in approval program. 
CL10-0007
Kerosine/FAME blend GEAE (from Brazilian source) Jet 10% FAME 2. Cetane Index by ASTM D976: This value is derived from a formula that uses the density of the sample and the mid-boiling temperature (T50) from ASTM D86. This relation was calculated from data generated from a large number of refined samples.
3. Cetane Index by ASTM D4737: This value is derived from a formula that uses the density of the sample and the 10% boiling temperature (T10), mid-boiling temperature (T50) and the 90% boiling temperature (T90) from ASTM D86. This relation was calculated from data generated from a large number of refined samples.
Derived Cetane Number by ASTM D6890 (IQT):
This value is derived by comparing the ignition delay of a sample passed into heated reservoir to the cetane engine results for a large number of refined samples. 
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DIESEL FUEL CI PROPERTIES
Test Results
Discussion of Test Results
In Table 6 it can be seen that the three processes that generate a paraffin wax stage, the two FT Diesels and the Green Diesel, have very high cetane values. The paraffin wax is only isomerized sufficiently to get the requisite low temperature property. To the point of this comparison of methods, note the highlighted cells. These show considerable divergence between methodologies. This is to be expected as the two calculated methods, ASTM D976 and D4737, are not meant for use with synthetic fuels, which is a common problem with the casual application of specification tests to non-standard materials. 
JET FUEL CI PROPERTIES
Test Results
SUMMARY OF CI PROPERTY EVALUATIONS Figure 3. Comparison of Cetane Evaluation Methods
6 Technically, the JP-8 standard requires a minimum Cetane value of 40 for synthetic kerosene used for blend stock. However, the conversion to Jet A/A1 makes that a moot point as there is no such requirement for commercial blend stocks. 
WD004 TASK 5: EXPAND LUBRICITY DATABASE
DIESEL FUEL LUBRICITY PROPERTIES
All of the diesel samples were evaluated for lubricity properties by ASTM D6079, the HFRR (High Frequency Reciprocating Rig) method. They tested as received (neat) and with 200 ppm of a commercial diesel lubricity additive. 
Test Results
Discussion of Test Results
In Table 8 three of the neat samples exceed the ASTM D975 specification lubricity limit of 520 microns. All of the hydrocarbon samples showed a response to adding the lubricity additive. The nitrile product did not respond to the additive treatment. 
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JET FUEL LUBRICITY PROPERTIES
The initial plan was to test each sample by way of ASTM D5001, the BOCLE (Ball on Cylinder Lubricity Evaluator) test, as received (neat) and with two of the CI/LI (corrosion inhibitor / lubricity improver) additives approved for use with military fuels. The additives were Innospec DCI-4A and Nalco/Exxon 5403 and each was to be tested at qualified minimum effective concentration and maximum allowable concentration levels. The program was subsequently modified to include ASTM D6079, the HFRR method, testing to the same requirements. Table 9 . Jet Fuel Lubricity Properties
Test Results
Discussion of Test Results
The BOCLE results in Table 9 perform as expected for the hydrocarbon fuels. The minimum effective concentration for qualified CI/LI additives is related to the amount of additive determined to provide adequate lubricity. The fuel containing FAME has excellent lubricity to start and adding CI/LI provides little benefit. 
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The HFRR results in Table 9 for the hydrocarbons are all failures, if one were evaluating the material as #1 Diesel. HFRR basically responds to heavy doses of additive, well above the range typically used for CI/LI. The FAME used in the first sample is similar in structure to commercial diesel lubricity additives so it is not surprising that it would pass the HFRR test. What is interesting is the appearance of a synergistic effect of adding a fuel parts per million of the standard CI/LI additives.
SUMMARY OF LUBRICITY PROPERTY EVALUATIONS
The data generated in Table 8 offer some assurance that as alternative materials move into the diesel fuel market the lubricity additives will provide adequate performance. That is only effective, however, in countries/regions that require diesel fuel meet minimum lubricity standards.
The primary tactical fuel for the U.S. Army is jet fuel with additives, so it may be a concern that Table 9 shows the jet fuels failing the diesel fuel lubricity test. This issue is well known but the experience at TFLRF (which has been working on the use of jet fuel in diesel engines since the single fuel forward doctrine was initiated) is that the approved additives in jet fuel give adequate lubricity performance in CI engine systems.
WD004 TASK 6: INSPECTION PROPERTIES FOR EMERGING FUELS
DIESEL FUEL INSPECTION PROPERTIES
All of the diesel samples were tested in accordance with ASTM D975, the Standard Specification for Diesel Fuel Oils. (Please refer to this document for information about specific limits.) Since the waivers for sulfur content only apply to the use of jet fuel in U.S. Army vehicles the results are evaluated in respect to the requirements for #2-D S15 grade diesel (ULSD). 
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Test Results
UNCLASSIFIED
JET FUEL INSPECTION PROPERTIES
All of the jet fuel samples were tested in accordance with the requirements of MIL-DTL-83133G 7 , the Detailed Specification for Turbine Fuel, Aviation, Kerosene Type. (Please refer to this document for information about specific limits). As noted in Table 5 all of the samples, except for the Ferment IPK from GEVO, are fully formulated jet fuels so they would be expected to meet the specification requirements. 
Test Results
Discussion of Test Results
Unlike the Diesel Fuel samples, there were no unusual samples among the Jet Fuels. There were however several issues from the testing that bear discussion:
1. Saybolt Color -While this is a 'Report' item, it is worth noting the very low value for the second DARPA sample.
2. Total Acid Number (TAN) -Three samples exceed the allowable value for JP-8 (0.015) but all are well within the limit for Jet A (0.10). with commercial aromatics and thus have much higher aromatic contents than was the case with the blended fuels in the program that resulted in the approval of HEFA SPK.
4. Distillation -All of the samples meet the distillation requirements as currently written.
The very narrow T50-T10 of the GEVO IPK may be a problem however. The similar Sasol IPK has a wider T50-T10 but a narrower T90-T10. The GEVO data reflects the fact that it is specified to be 90-95% C 12 IPK and 5-10% C 16 IPK. The Sasol FSJF (50% Sasol IPK), as seen below, was considered to have a barely adequate distillation curve based on work at Rolls Royce. A fuel with 50% GEVO IPK would require specific testing against the same criteria.
5. Freezing Point -Two samples, Sasol FSJF and DARPA Algal #1, failed to meet the freeze point requirements for either JP-8 or Jet A. Since the Sasol FSJF sample had failed in previous testing it is good that the inspection methods show consistency.
6. Heat of Combustion -In a previous round of testing, conducted for GEAE, the Heat of Combustion by bomb calorimetry, the referee method, was the only thing the 10% FAME fuel failed. It passes using the calculated method, ASTM D3338. Hydrogen content by the specified method also meets the requirement. In the earlier testing, ASTM D5291
Carbon Hydrogen analyses showed that while the hydrogen content was the same it was missing about 2% of the requisite carbon.
7. Smoke Point -In this testing the Smoke Point of the FAME containing fuel fails. That value, however, is well within the Reproducibility of the method and could easily pass.
As received, the sample had a Smoke Point value of 24. This suggests some form of degradation but other than a slight change in color, from 17 to 15, a slight increase in residue from 0.0 to 0.7 mg/dl, there is no other evidence of a significant change. The ASTM D3241 value still passes at 275° which is reasonably consistent with an original Breakpoint value of 290°C.
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8. Copper Strip Corrosion -Modern jet fuels are so routinely rated 1A in this test that a still passing rating of 1B is noteworthy.
9. Existent Gum -The second DARPA sample, Algal #2, fails the specification requirements, < 7mg/dl, for existent gum. However, it is within the limits, <14 mg/ dl per MIL-STD-3004, for intra-governmental transfers.
SUMMARY OF INSPECTION PROPERTY EVALUATIONS
Perhaps the most important take away from this testing is how well the two non hydrocarbon fuels, the nitrile diesel and the FAME containing jet, came so close to meeting the right specification requirements. The specifications are written for fuel refined from petroleum. The standard test methods are the tests needed to confirm that the desired product has been derived from same. Meeting those requirements, alone with a material that is neither refined nor potentially not a hydrocarbon, does not make the material fit for purpose. 
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As an example of the problem, consider the data presented in Figure 4 wherein the calculated Heat of Combustion, by ASTM D3338, is compared to the referee value from ASTM D4809.
Like the discussion on calculated Cetane Index in Section 3.0, the calculated heat of combustion is derived from, primarily the physical properties of the material in question. There is no way to know that the needed carbon is missing.
Diesel Fuel and Jet Fuel both have many required properties that are not tested with every batch.
The purpose of a specification table is not to define every aspect of a fuel but to control those properties which are not a natural product of the process involved. The key task for dealing with non-refined feedstocks has been defining those properties which, when applied as a specification, will assure the resulting product is fit for purpose. This understanding only applies for the process for which the alternative specifications, such as Annexes in ASTM D7566 or the ASTM D6751 specification for B100 FAME, are developed. Comparing test results to specifications for approved processes is a good way to evaluate potential processes but it is not proof of equivalence.
This specification requirement versus fit for purpose necessities presents a hazard when evaluating unknown samples. The testing is premised on the idea that the sample presented is the material it purports to be. For a research lab, such as Air Force Research Laboratories (AFRL), the Naval Research Laboratories (NRL) or TFLRF, finding the truth of the matter is relatively simple, should the need be apparent. Most of the labs in the fuel transportation and delivery system would not be able to readily identify these issues. For a system such as PQAS (Petroleum Quality Analysis System), the mobile lab developed by the U.S. Army, whose job includes evaluating captured samples, perhaps additional test capability need to be deployed to spot fuel issues such as the ones discussed in this report. One potential approach would be to use midinfrared (IR) technology. It definitely would be able to see distinct heterocarbon absorption peak, and there is a possibility it could be used to estimate the ratio of iso and normal paraffins.
Certainly, some form of heterocarbon analysis should be a routine practice for any material of unknown source being offered for evaluation. The standard specification values are for materials from the expected source (as described in the document) and not for any material that tests to the same values.
The key point to understand about specification testing is that it is only as reliable as the quality and integrity of the sample. If the material presented does not meet the total understanding of what constitutes diesel fuel or jet fuel, it is neither, regardless of the test results.
CONCLUSIONS
DIESEL FUEL
• There is a worldwide trend to reduce the amount of sulfur in diesel. Reduction of total sulfur in diesel fuel will generally result in a cleaner-burning fuel with improved stability characteristics.
• Refining processes to reduce total diesel fuel sulfur often result in fuel with inadequate lubricity characteristics. This, in turn, necessitates the addition of lubricity improving additives.
• Worldwide trends to increase the use of diesel fuel from alternative sources have introduced uncertainty into the diesel fuel market. This is because diesel fuel from nontraditional sources may not perform as needed or expected in the engine.
• Storage and handling problems may also be caused by the use of non-traditional diesel fuel or fuel blend stocks.
• The authors were unable to locate any readily available, reliable database of worldwide diesel fuel properties. National specifications are available but these may not truly reflect the quality of fuel in the country. Some data are available through subscription services but often are limited in regions of the world they cover.
• Data already collected by the Department of Defense, in PQIS, may be the best source available at this time.
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JET FUEL
• While diesel fuel has a wide variety of types and specifications, kerosene jet fuel is close to an ideal commodity. Essentially, there is only one kerosene jet fuel in the world.
• Fuel specification uniformity is moving from an informal status, driven by the need to conform to type certificate requirements, to a formal status, dictated by ICAO regulations.
• The influence that the DOD has on commercial fuel specifications is based on the amount of research effort expended not the purchasing power. DLA-Energy Jet Fuel Purchases are in the 'major airline' class.
• The development of alternative jet fuel is driven by the need to maintain conformity with the existing experience. Alternatives may only be unique in source, not in application.
• There is a general consensus that following the principles of ASTM D4054 and developing a process specific approval is the appropriate method for introducing alternative turbine fuel source.
Alternative Fuel Samples
• While there is a lot of interest in providing alternative fuels there is a lot less actual product being generated.
• For diesel fuel, the primary alternative fuel source is FAME. This is driven by regulatory and commercial priorities.
• There is some interest in the use of synthetic paraffinic middle distillate in diesel due to its superior cetane properties and generally cleaner combustion properties.
• There are more unique approaches being developed for jet fuel than for diesel fuel because that is where the government support money is being focused.
• Six unique diesel samples and six unique jet fuel samples were obtained for the program.
One sample in each group had a heterocarbon compound not typically associated with the category and these proved challenging to the reliance on specification testing.
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Cetane Properties
• Since the U.S. Military follows the North Atlantic Treaty Organization's (NATO) Single Fuel Forward doctrine, the CI performance of a candidate fuel is important for both diesel fuel and jet fuel.
• Alternative fuel components can be out of the expected range of cetane values.
• Cetane Index calculations are not reliable methods for estimating the combustion characteristics of fuels from alternative sources. They do not account for chemistry related combustion effects.
• DCN responds to the same chemistry issues as does the actual cetane test engine.
Lubricity Properties
• All of the hydrocarbon diesel samples responded to the addition of lubricity additive in a normal fashion.
• All of the hydrocarbon jet fuel samples responded to the addition of CI/LI additives in a normal fashion.
• The heterocarbon containing samples, the nitrile diesel fuel and the 10% FAME jet fuel, had excellent lubricity as measured by the method. Use of either, in practice, would necessitate rig tests to confirm the standard methods are sufficient.
• The HFRR method cannot be used to evaluate the lubricity of a hydrocarbon jet fuel using the approved CI/LI additives, at specified treatment rates.
Inspection Properties
• There were some failures, as might be expected, but it was more remarkable how often something that clearly is not suitable as diesel or jet fuel passed the conformance tests.
• Standard specification testing presents a hazard when evaluating unknown samples. The testing is premised on the idea that the sample presented is the material it purports to be.
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• If the material presented does not meet the total understanding of what constitutes diesel fuel or jet fuel it is neither, regardless of the test results. In fuel specifications, the requirements (typically Table 1 ) do not cover every required physical and chemical property of the fuel, just those tests needed to assure the correct product has been made from the anticipated source. For instance, refining diesel or jet fuel from petroleum.
• The existing fuel acquisition, transportation and delivery quality assurance system would not be able to readily identify non fuels. In areas without sufficient quality infrastructure, this could be guarded against with instruments, such as infrared spectrophotometers, that could readily detect significant (% level) heterocarbon levels.
RECOMMENDATIONS
• As diesel fuel quality and composition continues to change, the Army should continue their efforts to remain cognizant to the changes.
• As commercial jet fuel specifications continue to consolidate, the Army should continue to participate in their maintenance and development. While this might not result in a fuel better suited for the entire mission it may well prevent it from becoming less suitable.
• The Army should continue to conduct research on turbine fuel properties and encourage a continued effort across the services. The research efforts funded by DOD are the primary lever for assuring that jet fuel continues to meet mission needs.
• The Army needs to conduct research for a new way to estimate compression ignition quality. Mid-IR, for instance, can see the ratio of CH 2 to CH 3 which might be used to augment the physical properties currently used to determine Cetane Index.
• The Army should look to Mid-IR techniques to identify heterocarbon fuels, such the FAME containing and nitrile materials evaluated in this program. Cloud Point, C, max 9(s) 6(w) 
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